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DISCLAIMER

These Standard Biomass Analytical Methods (“Methods”) are provided by the National
Renewable Energy Laboratory (“NREL”"), which is operated by the Midwest Research Institute
(“MRI") for the Department Of Energy.

Access to and use of these Methods shall impose the following obligations on the user. The
user is granted the right, without any fee or cost, to use, copy, modify, alter, enhance and
distribute these Methods for any purpose whatsoever, except commercial sales, provided that
this entire notice appears in all copies of the Methods. Further, the user agrees to credit
NREL/MRI in any publications that result from the use of these Methods. The names
NREL/MRI, however, may not be used in any advertising or publicity to endorse or promote any
products or commercial entity unless specific written permission is obtained from NREL/MRI.
The user also understands that NREL/MRI is not obligated to provide the user with any support,
consulting, training or assistance of any kind with regard to the use of these Methods or to
provide the user with any updates, revisions or new versions.

THESE METHODS ARE PROVIDED BY NREL/MRI "AS IS" AND ANY EXPRESS OR IMPLIED
WARRANTIES, INCLUDING BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF
MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN
NO EVENT SHALL NREL/MRI BE LIABLE FOR ANY SPECIAL, INDIRECT OR
CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER, INCLUDING BUT NOT
LIMITED TO CLAIMS ASSOCIATED WITH THE LOSS OF DATA OR PROFITS, WHICH MAY
RESULT FROM AN ACTION IN CONTRACT, NEGLIGENCE OR OTHER TORTIOUS CLAIM
THAT ARISES OUT OF OR IN CONNECTION WITH THE ACCESS, USE OR PERFORMANCE
OF THESE METHODS.
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in Biomass Slurry and Liquid Process Samples
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I ntroduction

11

Scope

21

A critica component of evaluating processes involved in the conversion of biomassis
the accurate compositional analysis of samples from those process streams. Although
these process samples can be analyzed as a whole sample (slurry), often they are
separated into solid and liquid fractions and analyzed separately. To be meaningful,
the results of chemica anayses of biomass are typically reported on adry weight basis.
The following procedure describes the method used to determine the total solids (or
moisture) content of aslurry or the liquid fraction of a biomass process sample. This
procedure can also be used to determine the total dissolved solids content of such
samples.

This test method covers the determination of total solids (or moisture) in durries or the
liquid fraction of samples generated during the pretreatment, fractionation, and
fermentation of biomass.

References
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3.3
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Terminology

4.1

4.2

The total solids content of a sample is the amount of material left as a residue upon
drying at 105°C to constant weight.

The total dissolved solids content appliesto liquid or slurry samples and is defined in



this procedure as the amount of residue from the filtrate of a 0.2 nm filtered sample
that has been dried at 105°C to constant weight.

Significance and Use

51 The total solids content is a measure of the amount of solids suspended or dissolved
in a process liquid or durry. Conversely the moisture content is a measure of the
amount of water (and other components volatilized at 105°C) present in such samples.

5.2 The results of chemical analyses of processed biomass samples are typically reported
on a dry weight basis. The total solids content of a sample is used to convert the
analytical results obtained on another basisto that of a dry weight basis.

Apparatus

6.1 Automatic infrared moisture analyzer (such as Denver Instrument Company IR-100 or
equivalent) or a convection oven, with temperature control of 105 + 2°C.

6.2 Analytical balance, sensitive to 0.1 mg.

6.3 Desiccator.

Reagentsand Materials

7.1 Syringe filter, 0.8 mm prefilter over 0.2 mm final filter (such as Gelman Acrodisc nf
or equivalent).

7.2 Aluminum foil weighing dishes.
7.3 Quartz pads for weighing dishes.

74 Transfer pipettes.

ES& H Considerations and Hazards

8.1 Follow all applicable NREL Laboratory Specific Hygiene Plan guidelines.



9. Sampling, Test Specimensand Test Units

9.1

9.2

Test specimens suitable for analysis by this procedure are durries and the liquid
fraction of samples generated during the pretreatment, fractionation, or fermentation
of biomass. If the total solids (or moisture) contents of the solid fraction of these
process samples are to be determined, the Laboratory Analytical Procedure #001,
"Standard Method for the Determination of Total Solids in Biomass', must be used
instead.

The test specimen shall consist of approximately 3 to 10 g of sample obtained in such
amanner asto ensurethat it is representative of the entire lot of material being tested.
Thorough mixing of slurries and liquid fractions with precipitates is of particular
importance.

10. Convection Oven Procedure

10.1

10.2

10.3

104

10.5

Accurately weigh a predried aluminum foil weighing dish to the nearest 0.1 mg and
then tare the balance.

For atota solids or moisture determination, thoroughly mix the sample and then weigh
out 3to 10 g, to the nearest 0.1 mg, into the tared weighing dish. For total dissolved
solids, the sample added to the tared weighing dish should first be passed through a
0.8/0.2 mm syringe filter.

Place the sample into a convection oven at 105 + 2°C and dry to constant weight
(x0.1% change in the amount of moisture present upon one hour of reheating).
Typically overnight drying is required for very wet samples.

Remove the sample from the oven and place in a desiccator; cool to room temperature.

Weigh the dish containing the oven-dried sample to the nearest 0.1 mg.

11. Infrared Moisture Analyzer Procedure

111

11.2

Procedure #012
Issue date: 7/11/94
Supersedes: none

Program the automatic moisture analyzer for an analysis temperature of 105°C and for
apre-determined end of analysis criteria of arate of weight change that does not exceed
0.05% in one minute.

Veify that theinstrument has reached the analysis temperature of 105°C and then place

an auminum foil weighing dish with quartz pad on the balance pan. Wait five minutes
to ensure that the dish and pad are completely dry and then tare the balance.
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12.

13.

11.3  For atotd solids or moisture determination, quickly transfer 3 to 10 g of the thoroughly
mixed sample to the quartz pad in the weighing dish. For total dissolved solids, the
sample added to the quartz pad should first be passed through a 0.8/0.2 nm syringe
filter.

11.4  Assoon astheinstrument balance produces a stable weight, proceed with the anaysis.

11.5  Oncethe sample has been dried to constant weight, as determined by the programmed
analysis parameters, the analysis will be automatically terminated by the instrument.

Calculations

12.1  Cadculate the percent total solids or the percent moisture on a 105°C dry weight basis

as follows (the automated moisture analyzer will provide the selected calculated value
as part of the instrument printout):

weight dried sample plusdish - weight dish «
weight sample asreceived

% Total solids= 100

% Moisture=[1- x 100

(weight dried sample plusdish - weight dish) ]
weight sample asreceived

12.2  Calculate the percent total dissolved solids on a105°C dry weight basis as follows (the
automated moisture analyzer will provide the selected calculated value as part of the
instrument printout):

weight dried sample plusdish - weight dish «
weight sample after 0.8/0.2 um filtration

% Total dissolved solids= 100

Report
13.1  Report the result as a percentage with two decimal places.

13.2  For replicate analyses of the same sample, report the average, standard deviation, and
relative percentage difference.
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14. Precision and Bias

141

14.2

The precision of thisanalysisis determined by evaluation of %RPD data from samples
of many different types and assumes a 95% confidence interval. Based on this
evaluation, the precision of the infrared moisture analyzer procedure is 3% using a
Denver Instrument IR-100. The precision for the convection oven procedure is 1%.

An inherent error in any oven drying procedure is that volatile substances other than
water are removed from the sample during drying.

15. Quality Control

151

152

15.3

154
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15.6

15.7

15.8

15.9

15.10

Procedure #012
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Reported significant figures: All datais reported with two decimal places.
Replicates. All samples are runin duplicate.

Relative percent difference criteria: For the infrared drying method the maximum
%RPD for duplicate analysis of a liquid samples is 9%. For the oven method the
maximum %RPD is 3%. If the %RPD is exceeded, the sample should be rerun.

Blank: This gravimetric analysis utilizes a balance blank with every batch of samples,
consisting of aweighing dish passed through all steps of the procedure.

Method verification standard: A method verification standard should be run with every
batch of samples. A solution containing 2% (w/v) sodium chloride can be prepared and
used for this purpose, provided it is stored in atightly sealed container. Process 5.0 mL
of this solution in the same manner as a sample.

Calibration verification standard: Not applicable.

Definition of a batch: Any number of samples which are anayzed together and
recorded together. Samples within a batch must be of the same matrix. The maximum
size of abatch would be limited by the equipment constraints. A batch cannot be larger
than what is practical with the equipment.

Samplesize: 10 mL sample minimum, 15 mL recommended.

Sample storage: Samples should be refrigerated.

Sandard storage: Not applicable.
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15.11 Sandard preparation: Not applicable.
15.12 Control charts. The results of the method verification standard are to be control
charted.
16. Keywords

16.1 Moisture, total solids, biomass.
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